Introduction
Herpes zoster (HZ), or shingles, is a viral disease characterized by a painful, vesicular rash. It is caused by reactivation of latent varicella zoster virus (VZV), the virus responsible for varicella zoster (chicken pox) upon initial infection. [1] [2] [3] VZV infection is ubiquitous in the current adult population with 95%-97% of adults over the age of 40 infected and at risk of developing HZ. 4, 5 It is estimated that 20%-30% of these persons will develop HZ at some time in their life. 2, 6 The annual incidence of HZ in the general population is estimated to be between 1.2 and 6.3 cases per 1,000 person years (PY). The incidence increases with age to 7.2-11.8 cases per 1,000 PY in persons 
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Friesen et al older than 60 years. 2, 7, 8 HZ is thus a common disease with the vast majority of adults at risk.
Antiherpetic antiviral drugs such as acyclovir, valacyclovir, and famciclovir are the cornerstone of acute treatment of HZ. Antiviral treatment reduces the duration and severity of symptoms and may decrease the risk of possible complications such as postherpetic neuralgia. 9 The current recommended treatment for HZ is to begin antiviral therapy within 72 hours of the onset of symptoms and continue for 7 days. 2, 10, 11 Antiviral drugs have been reported to account for 50% and 70% of the drug cost for treated cases of HZ and can account for a significant portion of total treatment cost. 7, 12, 13 There have been two major changes that may impact the epidemiology of HZ. The first of these was the introduction of the varicella zoster vaccines (Varivax™; Merck Frosst Canada, Kirkland, Quebec, Canada), which became available in Canada in January 1999 and were incorporated into Manitoba's publicly funded childhood vaccination program in 2004. Although HZ is still possible in vaccinated persons, the virulence of the vaccine strain is attenuated and this may lead to eventual decreases in the rates of HZ as these persons age into adulthood. 14 15 which has been shown to be safe and effective in decreasing the incidence and burden of HZ. [16] [17] [18] However, the impact of the HZ vaccine will be highly dependent on its uptake.
The population of Canada, including the population of Manitoba (estimated as 1.3 million in 2015), is aging. 19 Due to the association of increasing age with a higher incidence of HZ, we would expect to see increasing numbers of HZ cases and an increase in the burden of disease. However, new vaccines and varying vaccine uptake coupled with other changes in the health care system make it difficult to predict the changing burden of disease for HZ. As part of a research program to determine the burden of HZ, this study examined the epidemiology of HZ and the utilization of antiviral medications in the province of Manitoba with the objectives of determining the incidence of HZ and the cost burden of acute antiviral treatments.
Methods
A retrospective, population-based cohort study of HZ was conducted using administrative data. The eligible population included all adults over the age of 20 Episodes of HZ were identified using hospital discharge abstracts and medical claim records for the period between April 1, 1995 and March 31, 2014, which included a 2-year prestudy data collection period to differentiate between incident and prevalent cases. Persons with diagnostic codes for HZ (International Classification of Diseases [ICD], Ninth Revision, Clinical Modification codes starting with 053 and ICD, Tenth Revision, Clinical Modification codes starting with B02) that were not related to HZ vaccinations were categorized as cases with episode start dates based on the earliest recorded diagnosis. Multiple episodes were allowed in cases of multiple diagnostic codes, provided that at least 2 years had elapsed from the beginning of the previous episode and there were no other diagnostic codes in the previous 180 days. Episodes with a start date prior to April 1, 1997 were excluded to ensure only incident cases were analyzed. Persons under the age of 20 years at the time of diagnosis were excluded to avoid miscoded cases of varicella zoster or varicella zoster vaccination. Hospitalizations were attributed to HZ in cases where an HZ diagnostic code appeared as either the admitting diagnosis or the diagnosis most responsible for continuing hospitalization.
Prescription records for antiviral drugs (acyclovir, valacyclovir, and famciclovir) dispensed in the period of 
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Trends in herpes zoster incidence, treatment, and cost 5 days before and up to 30 days after the appearance of the first diagnostic code for HZ were considered to be for the treatment of HZ. Prescriptions outside of this window were excluded to avoid misclassifying antiviral treatment of herpes simplex 1 or 2. Drug costs were calculated directly from the prescription records and included both cost of the drug and the dispensing fee.
The Manitoba Pharmacare fiscal year (April 1-March 31) was used in the analysis. Episodes, prescription rates, costs, and hospitalizations were all considered to have been incurred in the fiscal year in which the episode was first diagnosed. Mean treatment costs were calculated for antiviral-treated episodes by the drugs used within each year. The absolute number of HZ episodes and the incidence rates were calculated within each year. The age distribution of the 1997 Manitoba population was used to age-adjust incidence rates in subsequent years. Antiviral treatment rates were calculated as the percent of episodes associated with one or more antiherpetic prescriptions. Hospitalization rates were calculated as the percent of all episodes that resulted in HZ hospitalizations. All costs have been adjusted to 2013 Canadian dollars (CAD) using Statistics Canada's consumer price index for prescription drug costs in Manitoba. SAS Version 9.4 (SAS Institute Inc., Cary, NC, USA) was used for all data analyses. Approvals were granted by the University of Manitoba Health Research Ethics Board and the Manitoba Health Information Privacy Committee. These committees do not require individual consent for research conducted using de-identified administrative data when reasonable safeguards to protect confidentiality and security of personal health information are in place.
Results
Between April 1, 1997 and March 31, 2014, we identified 73,893 diagnosed episodes of HZ in Manitoba in those aged 20 years and older, with a mean unadjusted incidence rate of 4.97 episodes/1,000 PY (95% confidence interval [CI]: 4.79, 5.14) or 4.80 episodes/1,000 PY (95% CI: 4.64, 4.95) after age adjustment. Within our observation period, 6.1% of persons experienced more than one HZ episode.
A total of 45,614 prescriptions were dispensed to treat 42,270 episodes at a total cost of $4,708,065 (CAD). Overall, 57.2% of diagnosed cases were treated with antiviral medications with a mean cost per treated episode of $111.38 (95% CI: $98.59, $124.16). There were 1,245 hospitalizations where HZ was the admitting diagnosis or the most responsible diagnosis for continuing hospitalization with an incidence of 0.085/1,000 PY (95% CI: 0.053, 0.145).
From 1997/1998 to 2008/2009, the number of HZ diagnoses climbed slowly from 3,844 to 4,295 episodes per year. However, the age-adjusted incidence of HZ diagnoses remained relatively constant at a mean of 4.65/1,000 PY (95% CI: 4.61, 4.70). The incidence rose steadily from 2009 until the end of the study period where in the year 2013/2014, the age-adjusted incidence reached 5.67/1,000 PY, an increase in incidence of 21.9% from the 1997-2008 plateau (Figure 1) .
The use of antiviral drugs to treat HZ increased with the increased incidence of HZ, but to a greater degree as more of these episodes were treated with antivirals. Treatment rates increased from 41.7% of HZ diagnoses being prescribed antiviral drugs in 1997/1998 to 66.2% of cases in 2013/2014.
Of the 45,614 antiviral prescriptions identified, 4,263 (9.3%) were for acyclovir, 27,752 (60.8%) for valacyclovir, and 13,601 (29.8%) for famciclovir. Substantial changes in prescribing patterns of these drugs were observed over the study period. While acyclovir was the most commonly used antiviral to treat HZ at the start of the study period, its use dropped rapidly and by 2013/2014, it was used in less than 5% of treated cases 
Discussion
It was found in the study that overall, despite an increasing incidence of diagnosed HZ cases and higher rates of treatment, the aggregate population costs of HZ antiviral treatment have declined in recent years. The increase in HZ incidence was an expected effect of the aging population. However, the age-adjusted incidence rate revealed an increase in HZ incidence independent of aging, which was unexpected. While more HZ episodes and more treatments seemed to drive an initial increase in population costs, generic pricing for antiviral medications has more than compensated for these increases and has resulted in the recent reduction in overall antiviral costs. HZ consultation rates are frequently claimed to be an accurate estimator of the actual incidence of this disease in the population. Symptom severity is thought to drive most persons to seek medical attention and it has been estimated that up to 99% of persons with HZ do so. 12, 21 As such, the Manitoba-linked administrative records should provide a reliable measure of HZ incidence. The study found a relatively stable age-standardized incidence of HZ over the first two-thirds of the study period. However, starting in 2009/2010, there was a sharp and continuing increase in the incidence of HZ. A similar increase in incidence was also seen in a study conducted in Ontario (Canada) in 2009: the authors were unable to determine a cause for such an increase. 22 As 2009 was also the last year of the dataset used in the study, the authors were unable to determine if it was the beginning of a trend and suggested it would be important to determine if the increase persisted. While we are no closer to determining the cause of the increase in Manitoba, it is apparent that it continued for 5 years till the end of our study period in March 2014.
One possible explanation is that the increase in incidence is an artifact of increased publicity and attention to HZ in recent years coinciding with the introduction of HZ vaccine to the Canadian marketplace in 2009. The marketing of the vaccine has raised public awareness of the signs and symptoms of HZ, possibly influencing people to seek care. Alternatively, it has been speculated that widespread varicella zoster vaccination decreases the levels of wild-type VZV in the environment, thus eliminating the natural boosting effect of exposure in a latently infected individual. 23 Theoretical modeling using this hypothesis suggests we can expect an 
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Trends in herpes zoster incidence, treatment, and cost initial increase in HZ rates, eventually followed by sustained long-term declines. 6 Any such increases would obviously be mitigated by HZ vaccination. While the observed increases are important and warrant continued monitoring, the cause remains speculative at this point and will be difficult to be definitively ascertained.
The study showed an increased incidence of disease and a greater likelihood of treatment with antiviral therapy, but a decrease in the economic burden of disease due to treatment. While the increases in diagnosed cases of HZ and the proportion of cases treated with antivirals drive the treatment levels up, the effects on cost are overwhelmed by the drop in the price of treatment. Both acyclovir and famciclovir dropped from a stable price point associated with the brand name product to a lower stable cost associated with the generic product. It is important to recognize that in Manitoba's single payer system, generic substitution is mandatory and the vast majority of prescriptions are automatically switched to the generic product when it is available. As valacyclovir became the treatment of choice in Manitoba, the generic market was very competitive and there was a sustained downward trend in treatment cost with this drug. This was the major contributor to the overall drop in the cost of treatment.
The rate of HZ-related hospitalizations dropped throughout the study period. This downward trend in HZ-related hospitalization was also reported in the Ontario study where the incidence dropped by approximately half between 1992 and 2009. 22 Antiviral treatment steadily increased throughout our study period, from less than 42% in 1997/1998 to over 66% in 2013/2014. Antiviral treatment has been shown to decrease both the severity and duration of symptoms. 2, 11 It is possible that the increasing antiviral treatment of HZ has contributed to the decreasing rates of hospitalization, but other explanations cannot be ruled out. Limitations in hospital bed availability may make it more likely that HZ is managed on an outpatient basis.
The ability to capture the entire population of the province over a time span of 17 years is a major strength of our research. The linked nature of the data allows individuals to be followed across the entire health care system. However, using administrative data also has the limitations common to all researches of this type, namely, it was created not for the purpose of research, but for managing the health care system, and cases are identified using ICD codes that are meant for billing purposes. Nevertheless, the reliability of HZ diagnoses is known to be very high due to the distinctive nature of the disease. In fact, the use of ICD codes to diagnose HZ in administrative data is both highly selective (positive predictive value 93%) and sensitive (97.5%).
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Conclusion
The aggregate cost of antiviral treatment of HZ is the product of a number of factors: the numbers of episodes, treatment rates, medication choice, and treatment cost. All these factors change with time and can alternately increase or decrease costs, making predicting the net effect very difficult. Only by directly measuring the real-world burden of a disease can the overall disease resource impacts be assessed. The results of this analysis illustrate the significant impact that generic drug pricing and mandatory substitution can have on disease management costs at the population level. Further research looking at other economic facets of HZ is needed to complete our understanding of the total burden of this disease.
